Background Data on non-communicable disease (NCD) burden are often limited in developing countries in Africa but crucial for planning and implementation of prevention and control strategies. We assessed the prevalence of related cardiovascular disease risk factors (hyperglycaemia, high blood pressure and obesity) in a longstanding population cohort in rural Uganda.
Introduction
Diabetes is an important cause of morbidity and mortality worldwide, 1 and with hypertension and obesity it is an important risk factor for cardiovascular disease, 2 a leading global cause of death. 3 Type 2 diabetes, hypertension and obesity share several characteristics: (i) their common risk factors (unhealthy diets, physical inactivity and harmful alcohol use) and other exacerbating factors (e.g. tobacco use) are potentially amenable to behavioural modification; 4 (ii) they can be detected using simple tests and managed in primary-care settings in low-income countries; 5 (iii) the benefits of prevention and care extend beyond cardiovascular disease to related conditions of public health importance; 6 (iv) they are the focus of efforts to ensure greater prioritization of non-communicable diseases (NCDs) on the global research agenda, 7 the research agenda of development agencies 8 and in the health and development policies of low-income countries. 9 With globalization, chronic NCDs are becoming more common in developing countries, 10 with the greatest regional increase in NCD deaths over the next decade predicted in Africa. 9 Emerging countrylevel evidence, e.g. from South Africa, 11 suggests that chronic NCDs are contributing to epidemiological transition (concomitant high burdens of both communicable diseases and NCDs) in many low-income countries. 12 Recent estimates indicate the global burden of chronic NCDs: 285 million people with diabetes in 2010, 1 972 million with hypertension in 2000 13 and 400 million adults with obesity in 2005.
3
About 65-70% of those with diabetes or hypertension live in the developing world. 1, 13 NCDs such as diabetes are poorly understood and under-prioritized in developing countries.
14 Information on diabetes prevalence is often limited in low-income countries, particularly in sub-Saharan Africa and in rural populations. 15 For example, the 2010 International Diabetes Federation Atlas found that only four African countries (Uganda not included) possessed data, mostly 410 years old. 1 Since data have to be extrapolated from distant and probably dissimilar countries and populations, further epidemiological investigation in the region is urgently needed. 15 Good-quality data on disease burden are crucial to aid planning and implementation of prevention and control strategies for diabetes and other chronic NCDs. 16 Detailed epidemiological studies help in understanding NCD pathogenesis and in rational clinical management. A large population-based cohort in rural southwest Uganda, initially established in 1989 for human immunodeficiency virus (HIV) surveillance, 17, 18 provided the opportunity to assess community prevalence in adults of hyperglycaemia, high blood pressure and obesity, selected for survey on account of their shared characteristics and their importance as cardiovascular disease risk factors.
Methods Setting
Uganda has been recovering since 1986 from previous civil, political and economic turmoil. The estimated 30 million population are mostly engaged in subsistence agriculture. Annual Gross National Income is $300 per capita and mean life expectancy at birth is 50 years. 19 It is one of the countries in Africa where the HIV epidemic was first reported and that was initially most badly affected by HIV.
The study cohort comprises approximately 20 000 residents of 25 neighbouring villages in south-western Uganda, not far from Lake Victoria. The vast majority of dwellings are distributed throughout the countryside rather than clustered in villages, which mainly represent administrative areas demarcated on maps rather than population centres. The study population are mostly subsistence farmers, whose staple diet consists of matooke (cooking bananas) with groundnuts. There are no tarmac roads and access may be difficult during the rains. People live in semi-permanent structures built from locally available materials. The community is stable and homogeneous, with most people from the Baganda tribe, and 15% of Rwandese origin, who are well assimilated. Religious affiliation is mostly Christian, with a significant Muslim minority (28%). Levels of literacy are low and the main income-earning activities are growing bananas, coffee and beans, and trading fish. 20 Annual general population cohort survey Full details of the cohort and annual HIV serosurvey have been published elsewhere. 17, 18 In brief, an annual household survey has been conducted since 1989, with all study-village residents eligible for inclusion. Average annual serosurvey participation is 60-65%, although a much higher percentage has ever participated. Community-sensitization activities precede each survey round, including local council briefings and village meetings. All households are visited by, in turn, the mapping, census and survey teams. Consenting residents are interviewed at home in the local language by trained survey staff and provide a blood sample for HIV testing.
CROSS-SECTIONAL POPULATION-BASED SURVEY IN RURAL UGANDA

Measurement of indicators of cardiovascular disease risk
As part of the 20th annual HIV serosurvey (December 2008-November 2009), field staff assessed consenting adults (defined for the HIV serosurvey as aged 513 years) for indicators of cardiovascular disease risk using a questionnaire and simple measurements. Study participants with an abnormal finding were advised to attend their nearest local health facility or the study clinic for further management. Questionnaire information included socio-demographic factors (including education level) and economic status. Socio-economic status (SES) was measured using an asset index, created by combining data on 22 household possessions using principal component analysis. Participants were asked if they were currently, or ever used to be, a regular cigarette smoker (including both manufactured and local cigarettes), if they had diabetes or hypertension and if they were already attending a clinic for either condition.
Anthropometric measurements were taken on standing participants wearing light clothes and without shoes. Weight was measured to the nearest 0.1 kg, using a spring balance, and height to the nearest 0.5 cm, using a stadiometer. Waist and hip circumferences were measured to the nearest 0.1 cm using standard techniques. 21 A single measurement of blood pressure was taken on the left arm of seated subjects after resting for 15 min, using a machine with an inflatable 15-cm cuff and automatic digital read-out to within 1 mmHg (WelchAllyn OSZ 5 easy) (note: WelchAllyn confirm that the 'OSZ 5 easy' is the same device as Microlife BP 3BTO-A, originally manufactured by Microlife). 22 Body mass index (BMI) was calculated as an indicator of obesity (BMI 530 kg/m 2 ) and overweight (BMI ¼ 25.0-29.9 kg/m 2 ). 23 Waist/hip ratio (WHR) and waist circumference (WC) were used as indicators of abdominal obesity (defined respectively as WHR 40.95 for men and 40.80 for women 24 and WC 494 cm for men and 480 cm for women). 25 High blood pressure (possible hypertension) was defined as systolic blood pressure 5140 mmHg or diastolic blood pressure 590 mmHg. 26 During venepuncture for HIV serotesting, a 4-ml blood sample was taken from participants into a tube containing oxalate and sodium fluoride for a random plasma glucose measurement, and transported to the laboratory at the nearby rural field station for centrifugation and storage of 1-ml plasma aliquots at 2-88C. Samples were transported the following day using a cool box with ice packs to Entebbe, where plasma glucose was measured at the research unit main laboratory using the enzymatic reference method with hexokinase (Roche COBAS Integra 400 analyser with Glucose HK Gen.3 reagent). Daily calibration of the glucose assay was performed with normal and elevated control solutions provided by the manufacturer. The laboratory also participates in the external quality assurance programme of National Health Laboratory Services of South Africa, which involves monthly checks and feedback on glucose and other analytes. The results of random plasma glucose tests were interpreted as effectively post-prandial: <7 mmol/l was normal, 7.0-11.0 mmol/l indicated probable hyperglycaemia and 411.0 mmol/l indicated probable diabetes. 27 For participants who declined HIV testing, HIV serostatus was obtained from the last available serosurvey result.
Statistics
Data were double-entered and verified in Access. Stata 10 (Stata Corporation, College Station, USA) was used for analyses. Characteristics of persons with plasma glucose 57 mmol/l (i.e. probable hyperglycaemia or diabetes) and those with normal plasma glucose were compared using chi-squared tests for categorical variables, and t-tests for continuous data.
As a sensitivity analysis, we compared our estimate of diabetes prevalence based on random plasma glucose results with the estimate obtained when participants who reported having diabetes, but had normal glucose results, were included as probable diabetes. In addition, the overall age-standardized prevalence of probable diabetes and possible diabetes was calculated by combining observed prevalence with age-stratified population estimates from the study population in the 2008 census round.
Lastly, we investigated factors associated with the observed prevalence of probable hyperglycaemia/diabetes (i.e. plasma glucose 57 mmol/l) using random effects logistic regression to account for correlation within households. Because the prevalence of random plasma glucose 411 mmol/l was so low, we combined the groups with probable diabetes and probable hyperglycaemia as our outcome of interest. Exposures of interest included socio-demographic variables and clinical factors. Our hypothesis was that known cardiovascular disease risk factors, such as obesity and abdominal fat mass, would be associated with the prevalence of elevated plasma glucose in our study population. Analyses were stratified by sex because it was thought that some associations might differ between males and females. All factors whose univariate association with the outcome reached significance at P < 0.20 were considered for inclusion in a multivariable analysis. Ordered categorical variables for which the likelihood ratio test for departure from linearity was not significant at P < 0.05 were fit as linear terms. High blood pressure was considered to be a possible consequence of, rather than a risk factor for, plasma glucose 57 mmol/l, so was not included in the final multivariable model. Instead, the association between high blood pressure and the prevalence of glucose 57 mmol/l was assessed after adjusting for independent predictors of elevated glucose. The final multivariable model was reached by excluding factors one at a time until all remaining factors were significant at the P < 0.10 level.
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Results
Characteristics of cohort participants At census, there were 4801 males and 5372 females aged 513 years resident in the study area and eligible as survey participants. Of those, 2719 (56.6%) males and 3959 (73.7%) females responded to the survey questionnaire ( Figure 1 ).
Participation was lower in younger age groups, for both sexes, and among women 560 years. The mean standard deviation (SD) age of responders was 31.8 (18.4) years for males and 33.7 (17.6) years for females (Table 1 ). There was strong evidence of higher SES among non-responders, with 25% of non-responders in the highest SES quintile compared with 22.6% of responders (P ¼ 0.001). There was no evidence of a difference in HIV serostatus between responders and non-responders, with 6.0 vs 6.2% being HIV seropositive, respectively (P ¼ 0.78).
Prevalence of hyperglycaemia, high blood pressure and obesity
The observed prevalence of probable diabetes was 0.4% in both males and females, and of probable hyperglycaemia was 3% in males and 2.8% in females (Table 1) . Age-standardized prevalences of probable diabetes and probable hyperglycaemia were 0.4% [95% confidence interval (CI) 0.3-0.5] and 2.8% (95% CI 2.5-3.1), respectively. The observed prevalence of high blood pressure was 22.5% in males and 22.6% in females. Less than 1% of males and 4% of females were obese (BMI 530 kg/m 2 ), and 3.6% of males and 14.5% of females were overweight (BMI 25-29.9 kg/m 2 ). The prevalence of under-nutrition (BMI <18.5 kg/m 2 ) was 29.8% in males and 16.5% in females. Using standard cut-offs, the proportions of participants with abdominal obesity among males and females were 3.8 and 71.3% (WHR) and 1.0 and 31.2% (WC), respectively.
Most people with probable diabetes or hyperglycaemia were not aware of it: 74% of persons with plasma glucose 411 mmol/l and 98% of those with plasma glucose 57 mmol/l did not report having diabetes. There was no difference between males and females in the proportion being aware of the condition. Among the 17 persons who reported having diabetes, plasma glucose was 411 mmol/l in six persons (35.3%) and 57 mmol/l in four (23.5%). Only six persons reported they were attending a clinic for diabetes. If persons with reported diabetes are included in the group with probable diabetes, the age-standardized prevalence was 0.6% (95% CI 0.4-0.7).
There was strong evidence that participants with plasma glucose 57 mmol/l (probable hyperglycaemia or diabetes) were older than those with normal plasma glucose, in both males and females (Table 2) . There was no evidence of a difference in mean BMI between males with probable hyperglycaemia/ diabetes and those with normal plasma glucose. In contrast, there was strong evidence that mean BMI was higher in females with probable hyperglycaemia/diabetes than in those with normal plasma glucose. In both males and females, there was strong evidence that mean WC was higher in persons with probable hyperglycaemia/diabetes than in those with normal plasma glucose. In both sexes, there was strong evidence that mean systolic and diastolic blood pressure increased with increasing glucose category.
Plasma glucose results were unavailable for 265 (9.7%) male and 427 (10.8%) female survey participants, because of either refusal to give a blood sample or an insufficient sample. There was strong evidence that participants with missing glucose results were older than those with glucose results (mean difference ¼ 3.3 years, 95% CI 1.8-4.7, P < 0.001), and more likely to be HIV positive (19.1 vs 4.6%, P < 0.001). In addition, there was weak evidence that males with missing glucose results had a higher mean WC than males with glucose results (mean difference ¼ 0.89 cm, 95% CI -0.15 to 1.92, P ¼ 0.09).
The proportions of males and females who reported being a current regular smoker were 13.7% (95% CI 12.5-15.1) and 0.9% (95% CI 0.6-1.2), respectively, Factors associated with plasma glucose 57 mmol/l Among males, factors associated with the prevalence of probable hyperglycaemia/diabetes in the univariate analysis included increasing age, current marriage, level of education (prevalence highest among those with less than primary education), current smoking, WHR 50.95, increasing WHR, WC 594 cm, and high blood pressure (Table 3 ). In the multivariable analysis, increasing age was the only factor that remained independently associated with the prevalence of probable hyperglycaemia/diabetes. After adjusting for age, there was no evidence of an independent association with measures of obesity, BMI, WHR or WC, either when included in the model as a categorical factor or as a continuous measurement. However, after adjusting for age, some evidence of an association between the prevalence of probable hyperglycaemia/diabetes and high blood pressure still remained. Among females, factors associated with the prevalence of probable hyperglycaemia/diabetes in the univariate analysis included increasing age, decreasing education level, lower SES, increasing BMI, WHR 50.80, increasing WHR, WC 580 cm and high blood pressure. In the multivariable analysis, factors independently associated with the prevalence of probable hyperglycaemia/diabetes were increasing age, decreasing education level and WC 580 cm. There was no evidence of an independent association with other measures of adiposity, BMI or WHR, either when included in the model as a categorical factor, or as a continuous measurement. However, although WC was the adiposity measure with the strongest association with probable hyperglycaemia/diabetes, there was some evidence of an association with BMI, and with WHR, after adjusting for age and education alone [adjusted odds ratio (OR) ¼ 1.98, 95% CI 0.97-4.02, for BMI 525 vs BMI <18.5; adjusted 
Discussion
In this low-income rural community in southwest Uganda, age-standardized prevalences of probable diabetes and probable hyperglycaemia were 0.4 and 2.8%, respectively, and were similar in males and females. Less than 1% of males and 4% of females were obese (BMI 530 kg/m 2 ), with 3.6% of males and 14.5% of females overweight (BMI 25-29.9 kg/m 2 ). The proportions of male and of female current regular smokers were low (13.7 and 0.9%, respectively). The commonest cardiovascular disease risk factor was high blood pressure, found in 23% of both males and females. The burden of chronic NCDs in this relatively young rural population represents a challenge in providing an effective health-care response.
Our prevalence of probable diabetes (0.4%) is similar to that reported in a largely rural population in The Gambia (0.3%), 28 but much lower than that reported in rural settings in Tanzania (1.1-1.7%), 29 Kenya (2.2%) 30 and South Africa (3.9%). 31 Studies have generally found higher diabetes prevalence in urban than rural settings, e.g. 8% in Kampala, Uganda, 32 and 6.4% in a combined group of urban and rural Ghanaians. 33 Although sites may use different ways of measuring and defining diabetes, such findings highlight the heterogeneity of diabetes distribution among communities in Africa 30 and the need for comprehensive epidemiological mapping. 15 We found a strong association between age and probable hyperglycaemia/diabetes in both males and females, consistent with other studies. [28] [29] [30] However, the association between obesity as measured by BMI and elevated glucose was less clear, particularly among men. Among women, after adjusting for age, abdominal obesity was the strongest independent predictor of Characteristics of participants with normal glucose and those with glucose 57 mmol/l were compared using chi-square tests for categorical data and t-tests for continuous data. Comparisons are described in the text. Random plasma glucose results interpreted as effectively post-prandial, therefore <7 mmol/l is classified as 'normal', 7-11 mmol/l indicates possible diabetes and 411 mmol/l indicates probable diabetes. Abdominal obesity, as indicated by a high WC, was also found to be independently associated with diabetes in a study in Guinea. 34 The established BMI cut-offs for overweight and obesity may not be good indicators of cardiovascular disease risk in our study population. A study in North America found that WC was more sensitive than BMI in predicting cardiovascular disease risk in different ethnic groups. 35 The observed prevalence of high blood pressure in our study (22.5%) was lower than the prevalence of hypertension reported in rural Rukungiri, Uganda (30.5%), 36 but compatible with similar studies elsewhere in Africa. 37 Overestimation of hypertension as high blood pressure is likely due to the stress of survey participation and the reliance on a single measurement of blood pressure, which may be overestimated by as much as 50% compared with measurements made on three visits. 38 However, we may have underestimated prevalence of hypertension by not including the few participants with reported hypertension who had normal blood pressure. A systematic review of hypertension in Africa found that prevalence varied extensively between and within studies, but was generally higher in urban than rural settings, increased with age 37 and was as high as that in most industrialized countries. 39 The low proportion of current regular smokers in our study (13.7% of males and 0.9% of females) reflects the low national smoking prevalence among 15-to 49-year-olds in Uganda (18% in males and 0.9% in females in 2006). 40 Obesity and overweight were more common among females (4 and 14.5%, respectively) than males (0.5 and 3.6%, respectively). The combined prevalence of obesity and overweight among females in our study was similar to that nationally in Uganda (4.1 and 16.5%, respectively) 40 and compatible with that found in rural settings elsewhere in Africa. 41 Although only 18.5% of women in our study had BMI 525 kg/m 2 , the prevalence of abdominal obesity as measured by WHR and WC was much higher (71.3 and 31.2%, respectively). Although the predictive value of WC for diabetes and hypertension is well established in some industrialized countries, e.g. the USA, 42 validation is necessary elsewhere. Rapidly increasing urbanization is associated with trends towards unhealthy diets and sedentary lifestyles. The effects of changes of globalization on lifestyle may be appearing slowly in this rural community-the high prevalence of under-nutrition (BMI <18.5 kg/m 2 ) in males (29.8%) and females (16.5%) reflects the low-income status of the vast majority of the population. However under-nutrition and obesity may exist side by side within the same country, the same community and even the same household. 3 Diagnosis of diabetes in an individual depends on at least an initial and a confirmatory recommended standard test, 43 based on measuring plasma glucose fasting or 2 h after an oral glucose load. 27 Since either approach is of limited feasibility in a large population-based survey in a rural setting in a low-income country, we measured random plasma glucose as a practical approach to estimating population-level hyperglycaemia. Estimation of glycated haemoglobin A 1c as an alternative diagnostic method is not currently recommended by the World Health Organization (WHO) or the International Diabetes Foundation because of insufficient validation in people of different ages and ethnicity, inadequate standardization of laboratory tests, and cost. 27 In North America, random plasma glucose testing has been shown to discriminate well between those with and without diabetes, and with and without hyperglycaemia, when compared with the results of an oral glucose tolerance test. 44 Furthermore, random plasma glucose is a better discriminator for diabetes and glucose intolerance than using age, BMI and race 45 and as good as using metabolic syndrome even when it includes fasting glucose. 46 The performance of random plasma glucose testing in rural Africa cannot be assumed to be similar to that in North America, and even if it does the positive predictive values will be lower, reflecting lower prevalence in rural Africa. However, it is reassuring that the WHO-recommended cut-points 43 used in our study were found in North America to be highly specific (94 to 497%), although with much lower sensitivity (<20%).
An additional limitation in plasma glucose testing arises from the delay for practical reasons of up to 24 h between taking the blood sample and measuring the plasma glucose concentration. Whole blood for glucose measurement was collected into sodium fluoride tubes, which are designed to inhibit further glucose metabolism in the sample. The sample was separated, providing a stable plasma sample, within half a day. However, it is known that prior to separation, even with sodium fluoride tubes, inhibition of further glucose metabolism is not immediate, and that over the first hour the glucose concentration continues to fall, becoming stable at 4 h for the next 24-48 h. 47 It is likely therefore that on average glucose values were 0.5 mmol/l lower than they would have been had the measurement been made, or the sample separated, immediately after collection. 47 Given the above factors the prevalence estimates reported here, particularly for probable diabetes, are likely to be an underestimation of the true prevalence. It is likely that standard testing would confirm that those classified by random plasma glucose as having probable diabetes mostly do have diabetes, and as having probable hyperglycaemia mostly do have diabetes, impaired glucose tolerance or impaired fasting glycaemia. Given the dearth of population-based data on hyperglycaemia in Africa, our data provide new and important information.
Although diabetes, hypertension and obesity are key cardiovascular disease risk factors, 48 there have been few large population-based studies of these conditions in developing countries in Africa, and most have been in urban settings. 49 Our study is unusual in providing prevalence estimates of key cardiovascular disease risk factors based on a large general population cohort in a rural community in a low-income country in Africa. A limitation of our study is incomplete (65.6%) participation among all those identified as eligible in the census. Males were less likely than females to take part in the survey, probably because they are more likely to be away from the household when the survey team arrives. Maintaining a high participation rate is a challenge in a long established communitybased annual HIV serosurvey. Some participants may decline participation because they have previously had a blood test for HIV, know their result and decide against a repeat test. Although there was no evidence of a difference in HIV serostatus between survey participants and those who declined, survey participants with missing glucose results (i.e. answered the questionnaire but declined a blood test) were more likely to be HIV positive. Furthermore, participants with missing plasma glucose results were older and had a higher WC, and therefore are at higher risk of diabetes, resulting in possible underestimation of diabetes prevalence. Lastly, we did not classify participants with reported diabetes who had normal plasma glucose results in the group with probable diabetes, which could lead to an underestimation of diabetes prevalence.
Despite these limitations, our findings help to fill the enormous gap between the sparse population-based data available and the comprehensive data needed for a good understanding of NCD distribution in Africa. Such data on disease burden are crucial to aid planning and implementation of NCD prevention and control strategies. This study provides baseline findings of the prevalence of diabetes, hypertension and obesity in a rural community in a developing country in Africa at a time of socio-economic development and globalization, when these problems are increasing in cities and likely to extend to rural areas. The chronic NCD burden is also likely to increase further as more HIV-infected people in Africa receive antiretroviral treatment (ART), leading to reduced HIV-related mortality and to possible metabolic side effects resulting from lifelong ART. Responding to the global challenge of chronic NCDs globally, including in Africa, requires substantial investment 50 and concerted action through new alliances, such as The Global Alliance for Chronic Diseases. 51 
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